Introduction
Chronic renal failure (CRF) is defined as a progressive and usually irreversible decline in renal function associated with a reduced glomerular filtration rate, leading to an increase in serum creatinine and blood urea nitrogen levels (1, 2) . A wide range of bone anomalies can arise in CRF patients. These reflect a variety of defects in calcium metabolism, including hyperphosphatemia, hypocalcemia, and consequently, secondary hyperparathyroidism (1, 3) . Changes in bone metabolism are common and are caused mainly by secondary hyperparathyroidism; this condition is called renal osteodystrophy (1, (4) (5) (6) (7) . Researchers estimate that up to 90% of CRF patients will show Although invasive dental treatments are not contraindicated, clinicians should be aware that surgical outcome and treatment response can be different in weakened or diseased bone (13, 18, 19) .
Despite advanced imaging modalities, such as computerized tomography, cone-beam computerized tomography (CBCT), and magnetic resonance imaging, conventional 2-dimensional radiographs continue to be important for radiographic investigations in CRF patients. There have been many previous studies regarding the effects of CRF, such as loss of the lamina dura and demineralization in the jawbones, but only a few studies with small sample sizes have investigated panoramic-based indices in patients with CRF (5, 6, 20) . Therefore, the purpose of this study was to assess the panoramic indices in patients with CRF and to compare these values with those of healthy subjects of the same age and gender. In addition, the effect of dental status and hemodialysis duration on these indices was also investigated.
Methods

Study group
CRF patients diagnosed and attending the Dialysis Center of Baskent University, Faculty of Medicine, Ankara, Turkey, and their digital panoramic images were retrospectively scanned from the archive of the Baskent University Faculty of Dentistry. This study was approved by Baskent University Institutional Review Board (Project no: D-KA 16/07).
The records of 73 patients with CRF who were undergoing hemodialysis were selected. Three patients who had images showing artifacts or pathology (cysts, tumors, etc.) in the mental foramen region were excluded from the study. The final study sample consisted of 70 CRF patients (25 female and 45 male, age range 18-73 years; mean age 44.7 ± 13.9 years) with an average duration of hemodialysis of 131.1 ± 82.8 months (min: 24 months, max: 324 months). Another 70 individuals, who were healthy controls matched by age and gender to the patient group (27 female and 43 male, age range 19-78; mean age 44.2 ± 13.7 years), were chosen from the panoramic archive.
Panoramic measurements
All digital panoramic images were taken using the same machine (Veraviewepocs 2D; Morita), with the following exposure parameters: 65 kVp, 7 mA, and 10-second scan time. The images were transferred to the PACS system (Interpacs Health Solutions) in the DICOM format and were evaluated on HP Prodisplay P221 21.5" LED Backlit monitor (HewlettPackard) by the observers. MCI was assessed according to the Klemetti classification (21): C1 had an even, clear endosteal margin; C2 showed an endosteal margin with semilunar defects or forming 1 to 3 endosteal residues; and C3 had a cortical layer forming many endosteal cortical residues and appearing porous ( Figs. 1 and 2 ). The cortices distal from the mental foramen to the antegonial region on both sides were classified, and the more deteriorated cortex was used to diagnose the cortical shape. For MI, a mandibular cortical width was measured at the mental foramen region (22) (Fig. 3) . The cortical width was measured bilaterally and a mean value was calculated. Assessment of panoramic indices (MCI and MI) was performed in both 70 CRF patients and 70 healthy controls.
The effect of gender, dental status, and hemodialysis duration on MCI and MI was also investigated. To determine the Fig. 1 -The panoramic image shows the C3 category of the mandibular cortical index (MCI) classification and decreased bone mineralization in a chronic renal failure patient. The density of teeth seems more radio-opaque than bone and the cortical borders of the mandibular canal cannot be seen.
Fig. 2 -
The panoramic image shows the C3 category in a healthy subject. The bone mineralization decreased, but cortical structures, such as the borders of the mandibular canal and external oblique ridge, can be seen on the radiograph. Secgin et al 13 effect of dental status on these indices in both groups, the maxillary and mandibular dentitions were recorded using a simple classification system: full dentition, partial dentition, and edentulous (22) . In the study sample, only 2 CRF patients were edentulous; thus, in order to perform statistical analysis, they were moved to the partial dentition group.
All the images were assessed by 2 oral radiologists. The observers had previously been calibrated for determination of panoramic indices in a training session. Divergent results were discussed by the examiners until consensus was reached. The images of twenty patients were randomly selected from the sample and assessed twice by 1 observer to quantify intraobserver agreement. There was a period of 1 month between assessments.
Statistical analysis
Statistical analyses were conducted with IBM SPSS Statistics for Windows, Version 20.0. Kappa statistics and the intraclass correlation coefficient (ICC) were used to determine intraobserver agreement for MCI and MI, respectively. For comparison of the results between CRF patients (n = 70) and healthy controls (n = 70), the chi-square (χ 2 ) test was used for qualitative data (MCI) and Student's t-test was used for quantitative data (MI), with significance level set at 5% (p<0.05). To determine the effect of dental status on MCI and MI, Fisher's exact test and the Mann-Whitney U test was used, respectively. Spearman's (for MCI) and Pearson's (for MI) correlation coefficients were used to analyze the correlation between hemodialysis duration and mandibular indices. The effect of gender on MCI could not be evaluated statistically, because the number of the patients in each category was insufficient. Student's t-test was used to define the effect of gender on MI for both groups.
Results
Intraobserver agreement was excellent for MCI (κ = 0.88) and MI (ICC = 0.89). Table I shows the distribution of the patients based on MCI. Cortical porosity was more frequent seen in subjects with CRF than in controls. While 17.1% of CRF patients were in category C3 of MCI, but this ratio was 4.3% in the control group.
Descriptive statistics of the MI are shown in Table II . The mean MI was lower in patients with CRF than in the control group (5.53 ± 1.62 and 5.73 ± 1.31 mm, respectively), but the difference was not statistically significant (p>0.05).
The frequency distribution of CRF patients and control group according to dental status and MCI classification was shown in Table III . There was no significant difference between full dentition and partial dentition in both groups so dental status was not related with the MCI (p>0.05). However, C3 category of MCI was not observed in full dentition for both CRF patients and controls.
The mean MI was 6.7 ± 1.9 mm (min: 5.3 mm, max: 10.4 mm) in full dentition and 5.4 ± 1.5 mm (min: 2 mm, max: 7.9 mm) in partial dentition of CRF patients. There was no significant difference between full dentition and partial dentition based on the MI in CRF patients (p>0.05). In the control group, the mean MI was 6.6 ± 0.9 mm (min: 5.5 mm, max: 8 mm) in full dentition and 5.6 ± 1.3 mm (min: 2.4 mm, max: 9.3 mm) in partial dentition. Similarly, the difference between full dentition and partial dentition, based on MI, was not significant in the control group (p>0.05).
Considering the effect of gender on MI, we noted no significant differences between female and male patients in both groups (p>0.05). However, when we compared female CRF patients and female controls, we found a significant difference (p<0.05). In contrast, no difference was found between male CRF patients and male controls (p>0.05).
The relationship between hemodialysis duration and the mandibular indices was also assessed, and no correlation was found (p>0.05). 
Discussion
Chronic renal failure is one of the medical disorders can lead to osteoporosis and renal osteodystrophy. Secondary hyperparathyroidism is a consequence of renal osteodystrophy and affects up to 92% of patients undergoing hemodialysis (23) . Changes in bone metabolism are common and are caused mainly by secondary hyperparathyroidism. In the jawbones, the most commonly observed radiographic findings are bone demineralization, decreased trabeculation, decreased thickness of cortical bone, ground glass appearance of bone, radiolucent giant cells, and fibrocystic lesions (1) .
Panoramic radiographs provide a single image of the maxillary and mandibular dental arches, along with their supporting structures, and are useful for showing the effects of CRF on bones, such as mandibular cortical bone resorption, decreased thickness of the cortical bone, and a ground glass appearance (20) . CRF changes both the quality and quantity of the bone through multifactorial influences on bone metabolism, which leads to osteoporosis and predominantly affects the cortical bone (10, 11) . In this respect, the panoramicbased indices, such as MCI and MI are thought to be used to assess cortical bone status (13, 21, 23, (24) (25) (26) .
The mandibular cortical index is a qualitative index and category C3 indicates a substantially greater risk of osteoporosis than category C1 (22) . Many researchers have found MCI to be a useful approach for predicting osteoporosis (13, 18, 21, 27, 28) . In the present study, analysis of MCI in patients with CRF showed that 17.1% of patients have severe erosion in the cortex (C3), whereas normal cortical bone (C1) was observed in 5.7% of patients. In contrast, only 4.3% of healthy controls presented category C3. This result revealed that cortical porosity occurs in CRF patients 4 times more often than in healthy controls. In addition, the MCI category most frequently observed in both groups was C2 (77.1% and 81.4%, CRF patients and healthy controls, respectively). Henriques et al evaluated the effects of renal osteodystrophy using panoramic radiography parameters, including MCI and MI. in their 2 studies (5, 6). They found that the mandibular cortex was more porous and resorption of the mandibular cortex tended to increase with increasing parathyroid hormone levels in CRF patients, similar to our results. Caglayan et al also examined the osseous changes in the jaws of patients with CRF using CBCT, and they found statistically significant changes in MCI between CRF patients and healthy controls (26) .
The MI is a quantitative parameter for evaluation of patients' osteoporosis status. Although MI cutoff values for detecting osteoporosis ranged from 2.69 mm to 5 mm, and even if consensus could not be reached between researchers, many studies have suggested that patients with MI ≤3 mm should be referred for further osteoporosis investigations (24, (29) (30) (31) . The mean MI was 5.53 mm in CRF patients and 5.73 mm in the control group in the present study. The difference between groups was not statistically significant for MI (p>0.05). Henriques et al revealed that the mean MI was 3.1 mm in patients with CRF (n = 30) and 3.7 mm in the control group (n = 60) (6) . They emphasized that the MI tended to decrease with increasing parathyroid hormone levels in CRF patients, but no significant difference was found between the groups for MI, similar to our findings.
The reproducibility of mandibular indices was found to be high in many studies (16, 32) . In a recent study, Ariji et al investigated the factors affecting observer agreement in morphological evaluation of mandibular cortical bone on panoramic radiographs; they found that the interobserver agreement for evaluating mandibular cortical shape was moderate to substantial (33) . Therefore, in this study, 2 observers performed assessment of the mandibular indices together, under the supervision of an experienced dentomaxillofacial radiologist. If the observers disagreed in the assessment of these indices, results were discussed until consensus was reached. In addition, 20 patients' images were assessed twice and intraobserver agreement was found to be excellent for both indices.
Previous studies investigated the effect of local factors, such as dental status, on mandibular bone quality (15, 22, 34) . Dutra et al showed that dental status was not associated with MI (34). Ledgerton et al evaluated mandibular indices, including MCI and MI, and their relationship with CRF = chronic renal failure; dent = dentition; MCI = mandibular cortical index. p>0.05.
dentition (22) . In contrast with the results of Dutra et al, they found that dental status has an effect on mandibular indices. Similarly, Gulsahi et al found a significant relationship between MCI and dentition, and they reported that dental status was the second most important parameter for MCI (15) . In the present study, category C3 was not observed in full dentition groups of both CRF patients and controls. Nevertheless, there was no statistically significant difference between patients with full dentition and those with partial dentition in both groups. Similar to the results of Dutra et al, the present study showed that dental status was not associated with MI (34) . Few studies have considered the interactions of the mandibular indices with gender (15, 34) . Dutra et al suggested that remodeling of mandibular cortex was influenced by gender (34) . In contrast, Gulsahi et al found no association between gender and MCI (15) . In the present study, the number of patients in each category was not sufficient to determine the effect of gender on MCI. However, the effect of gender on MI was investigated. The mean MI value of female CRF patients was statistically significantly lower than that of the female controls. No significant difference was found between male CRF patients and male controls. Similarly, significant interaction was not observed between female and male patients in either group.
It is commonly known that linear measurements on panoramic radiographs share limitations mainly related to unequal magnification and geometric distortion. These are also the limitations of this study because MI is a quantitative index and is determined by the measurement. In the present study, all the panoramic images were acquired with the same machine, and standard magnification correction was not applied, considering that the magnification ratio can be variable between different parts of the same radiograph depending on patient positioning (35) .
CBCT was introduced during the last decade, and it has largely replaced medical computed tomography for most dental diagnostic tasks. In contrast to panoramic radiographs, CBCT images allow 3-dimensional visualization of the dentomaxillofacial structures, without superimposition, magnification, or distortion, and provides an accurate display of the vertical as well as the buccolingual dimensions of the mandible, in actual size (36) . Recently, it has been shown in several studies that CBCT can also be used to determine mandibular indices (panoramic-based indices) (26, (37) (38) (39) . One of these studies evaluated and compared the osseous changes and dental findings of 15 CRF patients and 15 healthy controls. They found no significant differences between the 2 groups in terms of MI, but the mandibular cortex of CRF patients was shown to have a more porous texture (C3 category) than that of healthy controls. This result is similar to that found in the present study. In addition, there was no case of severe cortical erosion in the control group (26) . Although CBCT scans entail a low dose of radiation, shorter patient examination time, and lower costs than computed tomography, this system still delivers far greater effective doses than 2-dimensional imaging (40) . Concern over radiation exposure is one of the most important factors in choosing an imaging modality; thus, 2-dimensional radiography has frequently been used by dentists and remains an important diagnostic tool.
In the literature, there are few studies regarding panoramic-based indices of CRF patients measured on panoramic radiography (5, 6, 20) and only 1 such study (26) involves CBCT. These studies had relatively small sample sizes. The number of samples was increased in the current study. Nevertheless, in this study, some statistical analyses concerning gender were not performed due to the small sample size.
The study was limited in that only the hemodialysis duration of CRF patients was known; other blood values, such as blood creatinine value, and bone mineral density values in both groups were unknown due to the retrospective nature of the study. In future, further prospective studies with larger sample sizes, including both female and male subjects, should be performed to investigate the possible effects of age, gender, dental status, and hemodialysis duration on mandibular indices.
Based on the results of this study, it is suggested that MCI may be able to show the effects of CRF on mandibular cortical bone. The mean MI value of CRF patients was lower than that of the control group, but the difference was not statistically significant. Dental status was not associated with mandibular indices, but category C3 of MCI was not observed in individuals with full dentition, in both the CRF patients and in controls. In terms of gender, a significant difference was only found between female CRF patients and female controls, for MI. Further studies are needed to investigate the possible effects of dental status and gender on mandibular indices. Since dentists frequently use panoramic radiographs for treatment planning in CRF patients, it is important to be aware of changes occurring in the cortical parts of jawbones.
